BACKGROUND: Racial and socioeconomic disparities exist in access to medical and surgical care. Studies of national databases have demonstrated disparities in route of hysterectomy for benign indications, but have not been able to adjust for patient-level factors that affect surgical decision-making. OBJECTIVE: We sought to determine whether access to minimally invasive hysterectomy for benign indications is differential according to race independent of the effects of relevant subject-level confounding factors. The secondary study objective was to determine the association between socioeconomic status and ethnicity and access to minimally invasive hysterectomy. STUDY DESIGN: A cross-sectional study evaluated factors associated with minimally invasive hysterectomies performed for fibroids and/or abnormal uterine bleeding from 2010 through 2013 at 3 hospitals within an academic university health system in Philadelphia, PA. Univariate tests of association and multivariable logistic regression identified factors significantly associated with minimally invasive hysterectomy compared to the odds of treatment with the referent approach of abdominal hysterectomy. RESULTS: Of 1746 hysterectomies evaluated meeting study inclusion criteria, 861 (49%) were performed abdominally, 248 (14%) vaginally, 310 (18%) laparoscopically, and 327 (19%) with robot assistance. In univariate analysis, African American race (odds ratio, 0.80; 95% confidence interval, 0.65e0.97) and Hispanic ethnicity (odds ratio, 0.63; 95% confidence interval, 0.39e1.00) were associated with lower odds of any minimally invasive hysterectomy relative to abdominal hysterectomy. In analyses adjusted for age, body mass index, income quartile, obstetrical and surgical history, uterine weight, and additional confounding factors, African American race was no longer a risk factor for reduced minimally invasive hysterectomy (odds ratio, 0.82; 95% confidence interval, 0.61e1.10), while Hispanic ethnicity (odds ratio, 0.45; 95% confidence interval, 0.27e0.76) and Medicaid enrollment (odds ratio, 0.59; 95% confidence interval, 0.38e0.90) were associated with significantly lower odds of treatment with any minimally invasive hysterectomy. In adjusted analyses, African American women had nearly half the odds of receiving robot-assisted hysterectomy compared to whites (adjusted odds ratio, 0.57; 95%, confidence interval 0.39e0.82), while no differences were noted with other hysterectomy routes. Medicaid enrollment (compared to private insurance; odds ratio, 0.51; 95% confidence interval, 0.28e0.94) and lowest income quartile (compared to highest income quartile; odds ratio, 0.57; 95% confidence interval, 0.38e0.85) were also associated with diminished odds of robot-assisted hysterectomy. CONCLUSION: When accounting for the effect of numerous pertinent demographic and clinical factors, the odds of undergoing minimally invasive hysterectomy were diminished in women of Hispanic ethnicity and in those enrolled in Medicaid but were not discrepant along racial lines. However, both racial and socioeconomic disparities were observed with respect to access to robot-assisted hysterectomy despite the availability of robotic assistance in all hospitals treating the study population. Strategies to ensure equal access to all minimally invasive routes for all women should be explored to align delivery of care with the evidence supporting the broad implementation of these procedures as safe, cost-effective, and highly acceptable to patients.
Introduction
Minimally invasive hysterectomy (MIH) has advantages over abdominal hysterectomy including shorter hospital stay, improved postoperative pain, fewer complications, and lower hospital costs. 1 The American Congress of Obstetricians and Gynecologists encourages the application of MIH, particularly vaginal hysterectomy, as safer and more costeffective than abdominal surgery for benign indications. 2 Despite established advantages of MIH, racial and socioeconomic disparities exist in access to these approaches. 3 The disparate application of minimally invasive procedures among African Americans and socioeconomically disadvantaged groups has been noted across many surgical specialties, including gynecologic surgery. [4] [5] [6] [7] National investigations of disparities in MIH have found that younger age, white race, higher income, and private insurance independently predict laparoscopic over abdominal hysterectomy. [8] [9] [10] [11] The primary aim of this study was to determine the association between race and the odds of MIH for the treatment of fibroids, adenomyosis, and abnormal bleeding. The secondary objective was to assess the relationship between indicators of socioeconomic status, ethnicity, and the odds of MIH for the above indications. To build on findings from previous reports using national databases, we sought to evaluate subjectlevel data related to hysterectomies performed at 3 urban university-affiliated hospitals to more thoroughly control for confounding. Because national databases often do not differentiate between traditional laparoscopic vs robot-assisted routes of hysterectomy, we sought to Original Research ajog.org determine whether certain individual minimally invasive routes were more prone to racial and/or socioeconomic disparities in subgroup analyses. Our hypothesis was that nonwhite race and low socioeconomic status would be associated with diminished utilization of MIH despite adjusting for confounding due to patient-level clinical predictors of route of hysterectomy. Elucidating disparities in access to the recommended hysterectomy approaches is a critical step in improving equity and optimizing outcomes for all women who require major gynecological surgery.
Materials and Methods
A cross-sectional study analyzed data from subjects receiving care at the 3 academic hospitals within the University of Pennsylvania Health System in Philadelphia. Data were gathered on all hysterectomies performed for fibroids, adenomyosis, and/or abnormal uterine bleeding at the Hospital of the University of Pennsylvania (HUP), Pennsylvania Hospital (PAH), and Penn Presbyterian Medical Center (PPMC) from January 2010 through December 2013. As medical centers within an urban academic health system, each hospital has the resources to perform abdominal, vaginal, laparoscopic, and robot-assisted hysterectomy. The gynecology practice at PPMC is a 2-provider high-volume private specialty practice whereas the HUP and PAH sites comprise multiple practice types including private generalist, academic subspecialist, and resident clinic practices that all perform hysterectomies for benign indications.
Subjects who underwent abdominal, vaginal, laparoscopic, and robot-assisted hysterectomy for abnormal uterine bleeding, adenomyosis, or fibroids were identified using diagnosis and procedure codes from the International Classification of Diseases, Ninth Revision, Clinical Modification. Exclusion criteria were: presence of known or suspected cancer, known endometriosis, and cases performed jointly with another surgical service. Using reports from the Penn Data Store clinical database and verified by electronic medical record review, patientlevel data were collected on demographic information, primary indication and mode of hysterectomy, self-identified race and ethnicity, median household income quartile (based on ZIP code of residence), 12 and insurance. Insurance status was categorized as: (1) private insurance; (2) health maintenance/preferred provider organization, which comprised only non-Medicaid, non-Medicare managed plans; (3) Medicaid (including managed Medicaid); (4) Medicare (including managed Medicare); and (5) self-pay or uninsured. Both uterine weight and volume were abstracted from surgical pathology reports for each subject. The final multivariable analyses adjusted only for uterine weight to avoid colinearity by including both variables. Uterine weight was chosen as the more objective measure; volume estimates can be imprecise when fibroids distort the uterine contour.
The primary study outcome was mode of hysterectomy. Any abdominal hysterectomy including total abdominal and abdominal supracervical hysterectomy was placed in the "abdominal" category. Total vaginal hysterectomy without laparoscopic assistance was its own category whereas any laparoscopicassisted, total laparoscopic, or laparoscopic supracervical hysterectomy was coded as "laparoscopic." In cases performed with robot assistance, the hysterectomy was categorized as "robotic." Hysterectomies were categorized under the initial route of hysterectomy regardless of intraoperative conversion to reflect preoperative decision-making and surgical planning.
Continuous variables were summarized using means and SD, while frequencies were used to describe the categorical variables. Age, body mass index (BMI), uterine weight, and uterine volume were treated as continuous variables. Uterine weight was transformed into a categorical variable based on contingency tables detecting a frequency of at least 2 individuals in cross-tabulation. Four logistic regression models were fit to determine the set of independent variables that best predicted the odds of abdominal compared to any MIH: vaginal, laparoscopic, or robotic. Backward selection was used to generate final models starting with all variables of interest then excluding those that were not significant and successively refitting reduced models until all remaining variables were statistically significant at P < .05. Variables associated with slightly higher P values (<.5) were retained if they were known risk factors for abdominal hysterectomy or if the effect estimate for race changed by >10% when the covariate was removed. Likelihood ratio testing was used to screen the robustness of covariates to generate a parsimonious final model and to test for the presence of interactions. Statistical analyses were performed using software (SAS 9.3; SAS Institute Inc, Cary, NC).
The University of Pennsylvania Institutional Review Board granted approval to conduct this study prior to the commencement of data collection; the requirement for informed consent was waived.
Results
A total of 2166 hysterectomies were performed for the indications of fibroids, adenomyosis, and/or abnormal uterine bleeding at 3 University of Pennsylvania Health System hospitals from Jan. 1, 2010, through Dec. 31, 2013. Of these cases, 420 (19%) were excluded, generating a sample of 1746 eligible cases for analysis (Figure) . Missing data were rare and addressed using listwise deletion.
Most participants self-identified as either African American (57%, n ¼ 978) or white (38%, n ¼ 659) ( Table 1 ). More than half (55%) resided in ZIP codes representing neighborhoods in the 2 lowest median household income quartiles (<$48,000 annually). Most subjects were covered by either private insurance (35%) or managed care (50%).
Among 1746 hysterectomies, 49% (N ¼ 861) were performed abdominally, 14% (N ¼ 248) vaginally, and 37% (N ¼ 637) laparoscopically (Table 1) . Of the laparoscopic hysterectomies, 327 (19% of total) were performed with robotic assistance.
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The primary indication for hysterectomy was fibroids for 80% of participants.
Most white subjects (54%) underwent MIH; more than half of those (28% overall) were performed with robotic assistance. Among African American women, 48% underwent MIH; only 25% of those (12% overall) were robot-assisted. The proportion of whites treated with vaginal hysterectomy was 9% while 18% of African Americans had hysterectomy performed vaginally. Most vaginal hysterectomies (71%) were performed in African Americans.
Examining the association of race and other clinical or demographic variables revealed that African American women were slightly younger (P < .001) with modestly higher BMIs compared to white women (P <.001) ( Table 2 ). More African American women than white women had fibroids as their primary diagnosis (P < .001), had surgery performed at PPMC (P < .001), were in the lower income quartiles (P < .001), were covered by Medicaid (P < .001), had a prior vaginal delivery (P < .001), had a prior abdominal surgery (P ¼ .005), and had larger uteri by both weight and volume (P < .001).
Univariate analysis demonstrated relationships between route of hysterectomy and race, ethnicity, insurance status, and median household income quartile ( Neither household income quartile nor insurance status was associated with MIH over abdominal hysterectomy in univariate analyses. However, women with Medicaid had significantly lower odds of undergoing robot-assisted than abdominal hysterectomy (OR, 0.45; 95% CI, 0.24e0.86) when compared to women with private insurance. Similarly, women in the lowest median household income quartile had lower odds of treatment with robot-assisted hysterectomy (OR, 0.35; 95% CI, 0.25e0.49) compared to those residing in the highest quartile. Conversely, when compared to those in the highest income quartile, women in the lowest quartile had higher odds of vaginal hysterectomy than abdominal hysterectomy (OR, 2.51; 95% CI, 1.70e3.69).
In multivariable logistic regression models, we found that adjusting for subject-level factors mitigated many of the univariate associations between route of hysterectomy and race, ethnicity, median household income quartile, and insurance status ( Median household income quartile and insurance coverage modestly predicted mode of hysterectomy in multivariable regression. In the primary analysis, income quartile did not predict MIH over abdominal hysterectomy, but women with Medicaid had significantly lower odds of MIH compared to women with private insurance (AOR, 0.59; 95% CI, 0.38e0.90). In separate subgroup analyses, women in the lowest income quartile (AOR, 0.57; 95% CI, 0.38e0.85) or with Medicaid (AOR, 0.51; 95% CI, 0.28e0.94) both had nearly half the odds of robotassisted over abdominal hysterectomy than women in the highest income quartile or those with private insurance, respectively. Conversely, women in the lowest income quartile had significantly greater odds of undergoing vaginal over abdominal hysterectomy than those in the highest quartile (AOR, 2.52; 95% CI, 1.51e4.21). Insurance status did not modify the association between African American race and mode of hysterectomy described in the multivariable models.
Comment
Our analysis demonstrates that racial and socioeconomic disparities in the application of MIH to treat benign gynecological disorders may be mitigated by adjusting for patient-level confounding factors. In contrast to national registry studies, our findings demonstrate that African American women requiring hysterectomy for fibroids and/or abnormal bleeding had similar odds as white women of treatment with MIH when controlling for BMI, obstetrical and surgical history, and uterine size. By generating multivariable models that adjusted for patient-level factors, we were able to expose the role of confounding on previously described associations between race and access to MIH. 4, [8] [9] [10] [11] In the United States, we found that African American race, low income, and underinsurance are all associated with overweight and obesity. 13 Obesity limits the application of laparoscopic and robot-assisted surgery; obese women have greater odds of vaginal over other routes of hysterectomy.
14 Similarly, fibroids disproportionately affect African American women, who have both larger and more numerous fibroids than whites. [15] [16] [17] In our analysis, controlling for confounding due to BMI and uterine weight certainly reduced the magnitude and significance of racial disparities noted in unadjusted analyses. However, sensitivity analyses limited to procedures performed among women with uterine weights <400 g did not alter the findings of the remaining racial and socioeconomic disparities in access to robotic hysterectomy. Large national databases often do not report BMI or uterine size such that previous analyses of nationwide disparities in mode of hysterectomy have not been able to account for their effect on surgical route. 3, 4, [8] [9] [10] [11] In our study population, disparities in access to MIH due to insurance and income status are less stark than in national analyses, given the ability to more comprehensively address confounding due to multiple factors. By using data from 3 hospitals within 1 urban hospital system in Philadelphia, our analysis among a relatively uniform population may have biased some socioeconomic associations towards the null. The small proportion of patients covered by Medicaid in our sample could be due to the evolving composition of insurance provider types in an era marked by insurance reforms under the Affordable Care Act. Improving insurance coverage for nonwhite patients in states like Massachusetts has been met with near complete resolution of racial disparities in minimally invasive surgeries. 18 Similarly, in an urban setting such as Philadelphia where neighborhoods and ZIP codes are more economically diverse than in suburban and rural communities, median household income quartile based on ZIP code of residence is likely an imperfect proxy for individual socioeconomic status. Unfortunately, specific individual economic productivity data were not available for query in our medical system's database. Despite these limitations, we still observed that having private insurance (compared to Medicaid) was independently associated with greater access to MIH. Being in the highest income quartile (compared to the lowest) and having private insurance (compared to Medicaid) also Previous analyses have shown racial and socioeconomic disparities in laparoscopic hysterectomy overall but most have not evaluated the role of robotassisted hysterectomy specifically, as national databases rarely differentiate between laparoscopic surgeries performed with and without robot assistance. 4, [8] [9] [10] [11] In our subgroup analyses, adjusting for confounding in multivariable analysis did eliminate many univariate associations between ajog.org GYNECOLOGY Original Research sociodemographic factors and the outcome of MIH vs abdominal hysterectomy. In specifically investigating robot-assisted hysterectomy, however, we found racial and economic disparities not apparent in other MIH routes, even despite controlling for patient-level factors. The ability to test specific associations that apply to discrete categories of MIH is a unique feature of this investigation. It is plausible that, as a more established and cost-effective route when compared to robot-assisted surgery, 19 ,20 laparoscopic hysterectomy is more equally accessibleeboth regionally and across diverse communities. The divergent associations of race and income on different modes of MIH may explain why the combined outcome of MIH overall failed to demonstrate significant disparity and supports the investigation of laparoscopic and robotassisted hysterectomies separately.
In contrast to trends in robot-assisted hysterectomy, the odds of undergoing vaginal hysterectomy over abdominal hysterectomy were higher among women in the lowest income quartile compared to those in the highest income quartile and among African Americans compared to whites. Individual practice patterns and patient characteristics at the 3 hospitals could explain the findings noted despite having controlled for hospital itself. It is conceivable that the individual practices of the highestvolume surgeons at each hospital influenced our findings. At PPMC, vaginal and laparoscopic hysterectomies are exceedingly more common than abdominal and robot-assisted hysterectomies and a greater proportion of the patients are low-income and African American than at the other 2 hospitals.
Restricting the analysis to PAH and HUP did not alter the magnitude or significance of the associations with robot-assisted compared to abdominal hysterectomy, but did further increase the odds of vaginal hysterectomy among women in the lowest compared to highest income quartile. The differential application of vaginal hysterectomy over abdominal hysterectomy to low-income women may be due to employment status, less lenient work or childcare schedules, and other economic considerations, which may not only favor vaginal over abdominal hysterectomy, but may also influence the initial decision to perform hysterectomy over more conservative management. [21] [22] [23] Overall, vaginal hysterectomy trends within our health system appear to be mitigating rather than potentiating disparities apparent in other minimally invasive routes.
Although efforts to decrease the proportion of hysterectomies performed Original Research GYNECOLOGY ajog.org abdominally are improving uptake of MIH overall, understanding and minimizing factors that may perpetuate racial and socioeconomic inequities must be prioritized locally and nationally, particularly as vaginal hysterectomies become increasingly rare and robotassisted hysterectomies become increasingly common. 24, 25 Vaginal hysterectomy is the preferred route for all patients for whom it is feasible and safe, yet the proportion of hysterectomies performed vaginally remains low in our population and nationwide. 1, 2 Gynecological training programs should continue to teach vaginal hysterectomy as a low-cost minimally invasive approach that may also promote a more equitable application of MIH to all women. 2 This analysis has limitations. Despite the large, diverse, well-characterized cohort studied, the data represent a retrospective analysis and uncontrolled confounding may exist. We chose to exclude hysterectomies performed with known or suspected endometriosis due to the effect adhesive disease can have on surgical decision-making. While this may limit the generalization of our analysis, most benign hysterectomies in the United States are performed for fibroids or abnormal bleeding. 26 Similarly, the generalizability of our findings does not extend to other hospital systems in other geographic locations and controlling for individual providers or provider characteristics within our study was beyond the scope of our analysis. Future research that purposefully selects a robust pool of data from hospitals across the country with diverse patients, providers, and practice types could address confounding factors of both patients and providers to better address these limitations.
Our subregional analysis of racial and socioeconomic disparities in route of hysterectomy for benign indications suggests that disparities reported in national analyses may be due to uncontrolled patient-level confounding factors that influence surgical decision-making. We must interpret national analyses of disparities with caution as we have shown that adjusting for patient-level factors can mitigate and even eliminate associations found in unadjusted analyses. Still, the persistence of some disparities in access to MIH approaches despite controlling for multiple confounding factors remains a concern. The repeated publication of data revealing racial and socioeconomic disparities in medical and surgical care demands a multidisciplinary effort to carefully elucidate the source and true ajog.org GYNECOLOGY Original Research extent of these inequities, and collaborative strategies to ensure equitable access to all modes of MIH for racial minorities, the underinsured, and low-income women.
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